Case Study: the farming subdivision as a concept to change non-engineering majors' perception of engineering Introduction Students graduating from high schools, like the general public, usually have a narrow perspective of the engineering profession. This narrow perspective limits their understanding of the contributions engineers make to solving society's complex problems (English, Hudson, Dawes, 2011; Bowen, Prior, Lloyd, Thomas, & Newman-Ford, 2007; Knight & Cunningham, 2004) . Often students believe that engineers only deal with the world of mathematics and science and are not concerned with topics commonly taught in the social sciences and humanities. The literature has numerous studies (e.g. Foutz, Navarro, Hill, Thompson, Miller & Riddleberger, 2011) which help students understand that engineers must engage content from multiple, often considered disparate, disciplines to solve societal problems. This understanding shapes how students identify engineering as a potential college major. Foutz et al. (2015) reports a study investigating if integrative learning modules could help recently graduated high school students understand that engineers needed to know more than math and science. This manuscript reports preliminary findings from a study investigating if an agricultural-based case study has a similar impact students' perceptions of the engineering profession.
Introduction
Students graduating from high schools, like the general public, usually have a narrow perspective of the engineering profession. This narrow perspective limits their understanding of the contributions engineers make to solving society's complex problems (English, Hudson, Dawes, 2011; Bowen, Prior, Lloyd, Thomas, & Newman-Ford, 2007; Knight & Cunningham, 2004) . Often students believe that engineers only deal with the world of mathematics and science and are not concerned with topics commonly taught in the social sciences and humanities. The literature has numerous studies (e.g. Foutz, Navarro, Hill, Thompson, Miller & Riddleberger, 2011) which help students understand that engineers must engage content from multiple, often considered disparate, disciplines to solve societal problems. This understanding shapes how students identify engineering as a potential college major. Foutz et al. (2015) reports a study investigating if integrative learning modules could help recently graduated high school students understand that engineers needed to know more than math and science. This manuscript reports preliminary findings from a study investigating if an agricultural-based case study has a similar impact students' perceptions of the engineering profession.
The University of Georgia requires all incoming first-year students to enroll in a course called the First-Year Odyssey Seminar. Over 300 sections of this course are offered in the fall semester to over 5000 new undergraduates. Each section is taught by a tenured or tenure-track faculty member. Each faculty member may choose the educational subject taught in her/his particular section as long as the faculty member has expertise on the subject. Each of the entering first-year students must enrolled in a First Year Odyssey (FYOS) section, however, the selection of the section is up to the student. Given that most of these incoming first-year students had been a high school student 12 weeks earlier, the First-Year Odyssey Seminar courses offered an excellent opportunity to assess the perception that recently graduated high school students have about engineering. [Students graduate from high school in late May and enter college in early August].
The author of this manuscript taught an FYOS course section "Engineering Is Part of a Liberal Education" where the learning objectives were to help students understand that developing solutions to complex problems require the integrative nature of engineering. In this course section, lectures focused on a case study that will be called herein as the Farming Subdivision. The following outlines the case study.
Urban sprawl from the Atlanta-metro area is a concern of Jackson County Georgia. Ten first-year first-semester students who enrolled in this FYOS course were asked to use this case study and develop hypothetical Farming Subdivision. The Farming Subdivision was to be a large single-family housing community where the residents became the actual owners and operators of a farming operation. The students investigated the social, economic, environmental and technical aspects of both the farm and residential housing, including the impact this Farming Subdivision had on local businesses and the health benefits of this concept. Out-of-the-classroom assignments required the students to research different challenges and then discuss their findings in class. All classroom activities, including lecture, and all tasks were guided by the principles outlined in Table 1 . More details on these principles are provided in Navarro et al. (2016) .
Students in this FYOS section were majoring in political science (1 student), risk management (1), exercise science (1), advertising (1), computer science (2), and psychology (1). Three other students were considering a major in engineering but were classified as an intended-majors (that is, the students had not declared a major) while enrolled in the course. Again, these students had graduated approximately 12 weeks before enrolling in this course, and it was their first semester in college.
Experimental approach
This study's procedures were approved by the Institutional Review Board (IRB), the University of Georgia research oversight committee responsible for ensuring human subject research is conducted in compliance with the applicable federal, state and institutional policies and procedures. Students enrolled in multiple sections of the FYOS course completed surveys assessing their perception of engineering, but only the responses from students who consented to take part in this investigation are included in the analysis reported in this manuscript.
Survey data
The students in the "Engineering Is Part of a Liberal Education" FYOS course were considered to be the TEST group. These students were required to complete a survey designed to assess their perception of engineering program of study. The TEST group completed a survey during the first and last week of the semester. For comparison purposes, students enrolled in another three FYOS sections completed this same survey during the first week of the semester. Topics taught in these three FYOS sections focused on 1) the threshold of democracy in Athens, 2) world hunger and poverty, and 3) US-China business relationships. These three sections did not engage in activities directly related to engineering. Responses from these students were used to assess if the TEST group students had perceptions typical of entering first-year students.
The survey was designed around a storyline describing the Southeastern USA 2006-09 drought and how that drought impacted university students living in dorms. A brief summary of this description follows:
A severe drought lasting from 2006 to 2009 required the City of Athens, and the University the student attended, to implement level 4 water restrictions which included no outside watering by any resident, business or agency. Even with this restriction, the reservoir that serves Athens reached a critical level where businesses could not provide water unless requested and residents were asked to reduce the amount of bathroom water used. The reservoir came within one day of having no usable water supply, and the student's university came close to shutting off the water supply to all dormitories. Luckily, a substantial rainfall event avoided this situation. Anticipating future droughts, City and University administrators asked local engineering firms to develop a plan to reduce the amount of water used by businesses in the area and the dorms serving the students at your university. These plans are to be implemented by the year 2020. Failure to implement these technologies results in stiff financial fines.
After reading this description, the students answered questions outlined in Table 2 . These questions were designed to assess how the students viewed engineering as a program of study. It is noted the survey was not evaluated for repeatability.
Results Tables 3 and 4 provide a summary of the TEST group students' responses to the survey taken during the first week of the semester. Responses from the TEST group were not statistically different from the responses made by students in the other three course sections. Table 3 shows that student perception of the difficulty of various courses did not change significantly between the first and end of the semester. The students investigating the Farming Subdivision case study were in their first semester at the university, so the learning activities in this FYOS course section were based on the curriculum commonly found in high school and not on college-level courses. Therefore, it is not surprising that the responses were unchanged during the semester. Some of the students' responses, regarding words that characterize an engineer, did change over the course of the semester (Table 5 ). Due to the nature of the Farming Subdivision and the activities assigned to the students, these changes were anticipated and are similar to those reported in Foutz et al. (2015) . Table 6 and 7 provide the responses focused on the level of technology an engineer needs to address the water restrictions outlined in the survey's story about the drought. These results in indicate that the students' perception changed more toward non-engineering subjects than those related to technology. As shown in Table 1 , most of the activities used to guide the students during their assignments focus on understanding the culture of communities impacted by the problem and the solution. Therefore, it is surprising to find that at the end of the semester, more students indicated that anthropology was not an important knowledge area for the dought situation outlined in the survey. However, this result conflicts with the response that history; the number of students who thought history was important increased by the end of the semester. These results may suggest that the students, as recent high school graduates, may be more familiar with history than anthropology, as an area of knowledge; however, there is not data collected in this study that supporting this suggestion. Further investigation is needed.
Overall, the survey indicates that the learning objectives of the Farming Subdivision may not have been as effective as desired. The study involved only ten students who were from diverse backgrounds and majors; three of the students had not decided on a major while taking the course. This variability in students' background could have influenced their approach to engaging course activities. For instance, the student majoring in psychology may intuitively adopt a humanistic approach to situations whereas the three students majoring in businessoriented majors may have focused more on economics aspects of the Farming Subdivision. These differences could determine how they linked course content to their preconceptions of the problem. This study needs to be repeated to overcome some of the study's current limitations. However, the preliminary results do suggest that this approach could be useful to help new college students understand the integrative nature of engineering and gain a better perception of the profession. 
Essential Elements of Process

Essential Elements of Activities
 Students should use reflection of past experiences, successes, failures in order to anticipate future events  Students should seek opposing views in problem evaluation process in order to better understand solution impacts  Students should engage and evaluate of other students' work  Encourage a critical dialogue among students 
